The drone was developed with the use of unmanned aircraft systems in the initial military sector based on the combination of aerospace technology and information and communication technologies in a variety of usability, including the civilian sectors. Developed for the field of reconnaissance, it is used in both civilian and police sectors as traffic monitoring and high altitude reconnaissance missions. It is used in broadcasting and surveillance, while continuously expanding into the areas of courier delivery and rescue missions. Based on the convergence of aviation technology such as various SW, sensor and flight control to utilize unmanned system and information communication technology, commercialization of related technology is being developed as a very diverse route. In this paper, we propose and manufacture of a VTOL UAV. Design process referred to the VTOL development process that has been devised by us, and actual building of a UAV also applied the same VTOL development concept. In order to understand the aerodynamic characteristics of the aircraft, we have applied the aerodynamic design theory and used the CAE method that can replace the actual wind tunnel test. We tested the selection method and criteria for the internal modules that make up the UAV, and we were able to assemble the product. FW coding of flight control computer was conducted for VTOL control. In addition, we developed a LTE communication module for the long distance flight, and carried out flight experiments with GCS to observe and respond to the flight situation from the ground. Flight test results showed that stable transition flight was possible with broadband. We could see that the actual performance results were met, compared to our development target values.
Introduction
With the recent surge of interest in UAVs (unmanned aerial vehicles), there has been an increasing trend in utilization for many industrial sectors, including agricultural control, forest and coastal surveillance, search for victims, broadcasting and photography. The most widely used type of commercial UAV is a multi-copter type UAV, which can take off and land vertically. However, it can't generate a wing-lift due to the characteristics of propellant types, which shortens the flight time. On the other hand, the fixed-wing type UAV has an advantage of longer flight time and higher speed, but it is difficult to secure a wide space for safe landing. This has been a great limitation in utilization. This study aims to develop a VTOL (vertical takeoff and landing) UAV, utilizing the advantages of both multi-copter type and fixed-wing type UAV [1] [2] [3] .
The VTOL Development Process
The overall development process of the vertical takeoff and landing VTOL UAV performed in this study is shown in Figure 1 . This is based on our genuine effort to establish a systematic and sound UAV development, which has been mainly based on each developer.
Body Frame Design
The airframe design is an important part of the UAV development designed to reduce the air resistance. Compared to the quad-X type design (a typical multi-copter design), it is aesthetically and aerodynamically superior. Shown in Figure 2, its design ensures a large mounting space at the center of the fuselage to load various mission equipment and cargo [4] . 
Wing & Fuselage Design
Wing is an important part of determining the performance of UAV. The wing can be designed in various ways, such as low-wing, mid-wing and high-wing, which is mainly dependent on the desired flight characteristics. In the case of the lower wing, it has the merit that it can increase the maneuverability. In the case of the central wing, the balance of frame is said to be the best. Using the CAE (computer-aided engineering) software, the design of the wing shape was analyzed. The flight dynamic characteristics such as air resistance, lift, curvature analysis, airfoil, and air flow, are shown in Figure 3 . The experimental conditions are boundary conditions when flying at 0˚C and 15 m/s. In the previous study, we designed the airfoil for the VTOL design as shown in Figure 4 , and developed the airfoil which can achieve the efficiency at a low speed, considering that the maximum speed is 80 km/h and the cruising speed is 60 km/h [5] [6]
[7].
Selection of Motor Thrust
The output is determined by the rotational speed of the motor and the propeller. World Journal of Engineering and Technology The thrust determination equation is shown in Equation (1). Also, the equation to determine the propeller for generating the thrust after determining the required thrust is shown in Equation (2) 
Selection of Propellers
The greater the number XX and the larger the number YY, the higher lift can be 
Selection of ESC & Power Pack
The ESC (electronic speed control) is a device that can control the direction and speed of the drone motors. It can supply the proper voltage, depending on the motor or battery and is designed to handle the maximum current used by the motor. Figure 6 shows the selected ESC of 40 A.
The battery is directly related to the flight time. Equation (4) by multiplying the capacity mAh with the voltage V. The "C" indicates the discharge rate. In this study, we used the Motocalc SW, as shown in Figure 7 . This software predicts the flight performance according to the parameters of the motor and propeller. The propeller length was 14 inches and the battery was HBZ-B 5200 22.2 V. The motor was selected as Quantum 400 kv. As a result, it was estimated that the thrust was about 12 kg or more. It is designed to be more than 3 times the weight of the airframe and enough to lift the airframe vertically with a 3 Kg load. Table 1 shows the VTOL specifications produced by the study [10] [11] [12] .
VTOL Assembly

Airframe Manufacturing
The designed UAV parts are produced by using a 3D printer and the UAV is assembled as shown in Figure 8 . The 3D printed parts were mainly used to test and evaluate our initial design.
The final frame was produced after identified problems were solved, based on the data obtained from the prototype production. Figure 9 and Figure 10 show the process of fabricating and assembling the final airframe [13] [14].
Flight Control Computer FW Coding for VTOL Control
The software setting is the core of FCC (flight control computer) coding. The is an open source, and FW coding was developed as shown in Figure 11 , using the C-language [15] .
Development of LTE Communication Module
In a line-of-sight flight, it is easy to manipulate the UAV because it can be adjusted When flying a long distance, it can be controlled through the LTE (long-term evolution) communication by using the automatic flight function. By developing a library to connect FCC and LTE modem, the UAV pilot can remotely check the flight images and UAV status, while controlling the UAV beyond the line-of-sight. As shown in Figure 12 , the LTE modem developed in this study can be easily added in the future.
Ground Control Station Design and Production
For the remote control of UAV, the GCS (ground control station) is developed.
The GUI-based (graphical user interface-based) environment and a user-friendly user interface have been developed, so that the flight status can be observed and confirmed on a map screen. The UAV flight control is equipped with both automatic flight and manual flight. As shown in Figure 13 , the touch-screen displays the preprogrammed flight path. 
VTOL Flight Experiments
In this section, we analyzed the flight characteristics of the developed VTOL.
Through numerous trials and errors, we have optimally set up the flight parameters Figure 12 . Self-developed LTE modem. 
Conclusion
In this paper, we proposed the VTOL UAV and studded the design and manu-World Journal of Engineering and Technology facturing process of the UAV. We developed the VTOL development process and actually followed the process to design and build the UAV. The process is systematic and not ad-hoc based. The developed process has been successfully applied to the new VTOL design and manufacture. In order to understand the aerodynamic characteristics of the VTOL, we applied both the aerodynamic design theory and the CAE that can replace the actual wind tunnel test. We tested the selection method and criteria for the internal modules that make up the UAV, and we were able to assemble the product. Firmware coding of the flight control computer was conducted as well. In addition, we developed a LTE communication module for long distance flight, and carried out flight experiments with the GCS to observe and monitor the flight status from the ground.
Flight tests showed that a stable transition flight was possible with our method and we could see that the actual performance results were met compared to the development target.
